ABSTRACT
INTRODUCTION
The study of aging has expanded very rapidly in the recent decades. This might be due to the worldwide, extraordinary increasing percentage of elderly, and the subsequent increased proportion of the national health expenditures utilized by them.
(1)
Aging is an inevitable physiological process characterized by loss of functions and loss of resistance to various types of stress. It is a multifactorial & complex process.
(2) Many attempts have been done to understand its causes and mechanisms, but still all are theories.
Theories of aging have been grouped into several categories, and the free radical theory of aging is one of the best theories that can explain the process, up-till now. The overproduction of oxidants and their subsequent cumulative damage maywith time-exceed the protecting potential of the cells, which ultimately leads to a decline in the physiological capacity of the whole organism and induces oxidative stress.
(3)
Oxidative stress may activate mitochondria-mediated apoptotic pathways, since mitochondria of aged neurons produce more oxidants, accumulate calcium, and exhibit increased oxidative damage, all known stimuli for apoptosis.
(4)
Actually, the accumulation of the oxidatively damaged and mutated mitochondrial DNA (mt-DNA) molecules, together with the enhanced apoptosis, may act synergistically to cause the general decline in biochemical and physiological functions of body cells, which are characteristics of aging.
(5)
Apoptosis is an active, rapid, gene-regulated physiological cell death with characteristic features. It starts early in the intrauterine life and continues along life.
(6) Apoptosis is characterized by the activation of a specific family of proteases called "the caspases". Caspase-3 is one of the most active members of this family. It can affect the activity of several cellular enzymes that are responsible for apoptosis.
(7)
Monoamine oxidase-β (MAO-β) catalyses the metabolism of brain dopamine with production of a high level of hydrogen peroxide, a major oxidant that causes damage to mt-DNA.
(8)
The aim of the present study was to evaluate the effect of aging process on oxidant (MDA), some antioxidant liver enzymes (SOD), DNA damage (% DNA fragmentation) and apoptosis markers (active caspase-3) in brain as well as on hepatic drug metabolizing enzyme (NADPH-cytochrome c reductase). In addition, it aimed to assess the role of physical exercise, caloric diet restriction (CR) and vitamin E supplementation on these parameters in different age groups.
MATERIAL & METHODS

Animal model:
The study was carried out on 120 male "Wistar rats", divided into 3 main groups; according to their age: Group I: 40 young adult rats (12 months old). Group II: 40 adult rats (18 months old). Group III: 40 old rats (24months old).
Each of the main age groups was further subdivided into 4 subgroups; 10 rats each: Subgroup (1): The control subgroup; which was kept on balanced diet, with food ad libitum. Subgroup (2): This subgroup underwent exercise training by swimming.
(9)
Subgroup (3): The rats were kept on caloric diet restriction by 30% from ad libitum intake. 
Biochemical analysis:
At the end of the 6 months of the experiment, all rats were killed in the fed state and at the same time in the morning. Rats were subjected to light ether anaesthesia, and blood samples were collected from the retro-orbital venous plexus and serum was separated and stored at -20 o C.Then, rats were sacrificed by decapitation. Brain dissection: Brains were rapidly removed from the skull, washed with cold saline and immediately frozen on dry ice. Each brain was divided into 2 parts. The 1 st part was stored at -70 o C to estimate MAO-β activity. The 2nd part of the brain was used to prepare cell culture. Cell culture: The 2 nd brain part from each rat was dissected into 1-2 mm pieces then suspended in 2 tubes, each containing RPMI 1640 medium and supplemented with 2 mM Lglutamine, sodium bicarbonate (NaHCO 3 ), 100 U/ml penicillin, 100 μg/ml streptomycin, 1% bovine serum albumin, and 30 μM glutamate, as an inducer of apoptosis.
(12) The cells were cultured for 15 hours at 37 o C . The cultured cells were used to determine the % DNA fragmentation & active caspase -3 concentration. Liver dissection: The abdomen was then opened, the liver was isolated, divided into 2 parts and stored at -70 o C. The first part was used for preparation of microsomes by homogenization in 0.25M sucrose then successive centrifugation to obtain microsomal pellet which was resuspended in 1.15% KCl. The second part was used to prepare crude homogenate in phosphate buffered saline (pH 7.4). By centrifugation, the supernatant was saved. Malondialdehyde (MDA): Serum MDA concentration was estimated by thiobarbituric acid reaction, (13) using 1,1,3,3 tetramethoxypropane as a standard. They were expressed as nM/ml. DNA fragmentation assay: DNA fragmentation in cultured induced brain cells was quantitated by diphenylamine(DPA) method.
(14,15)
The cells were harvested by centrifugation, washed by PBS and the pellet was lysed with lysis buffer (0.5%triton X-100, 10 mM tris-HCl pH7.5, 2mM EDTA) for 20 min. on ice. The lysate was centrifuged at 13,000xg for 20 min. to separate intact from fragmented chromatin. Both pellets and supernatants were precipitated overnight at 4 o C in 12.5% trichloroacetic acid (TCA) .The precipitate was sedimented at 13,000 x g, resuspended in 5% TCA and heated at 90 o C for 10 min. Then DPA reagent (0.15 g DPA, 0.15ml sulfuric acid, 0.05 ml acetaldehyde (16mg/ml stock)/10ml glacial acetic acid was added to each tube. After overnight incubation the optical densities at 570nm were read. The % DNA fragmentation was calculated as the ratio of DNA in the 13,000xg supernatant to the total DNA recovered in the 13,000 xg supernatant and pellet. Caspase-3 determination: ( 
16)
The active caspase-3 concentration in brain cell extracts was estimated by sandwich ELISA technique (Quantikine, R&D Systems, USA). After induction of apoptosis, Biotin-ZKVD-fmk was added to culture media and incubated for an hour. This biotinylated caspase inhibitor was used to covalently modify the large subunit of caspase-3 (apocaspase-3), as it enters apoptotic cells and form a stable thio-ether bond with the cysteine on the active site. The active caspas-3 assay was performed according to manufacturer' instructions. The sesitivity of that test was less than 0.1ng/ml and no crossreactivity with active caspase-2,-7,-8,&-9. The coefficient of variation% of intra-assay and inter-assay ranged from 2.6-5.2% and 5.8-6.6% respectively. The active caspase-3 concentrations were expressed as ng/mg protein. Protein concentration in different samples was estimated by Lowry method.
(17) using bovine serum albumin as a standard. Monoamine oxidase-β (MAO-β) activity:
(18) The activity of MAO-β was determined using a modified 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay. Members of the respiratory chain reduce the MTT dye, and this reduction is inhibited by increased activity of MAO-β and the subsequent increase of H 2 O 2 . Here MTT reduction using succinate was used as an indirect reciprocal index of MAO-β activity. Breifly, the stored brain portion was homogenised in MSH solution(70mM mannitol, 230mM sucrose, 5mM HEPES buffer; pH7.5 ), then centrifuged at 600xg for 10 min. The supernatant was centrifuged again at 15,000xg for 10 min. to obtain the mitochndrial pellet. This pellet was resuspended in isolation buffer (5mM morphinobutane-sulfonate, 225mM mannitol, 75mM sucrose, 1mM ethylene-glycoltetraacetic acid; pH7.4). Two sets of mitochodrial suspension (~2mg protein/ml) were prepared and MAO substrate (benzylamine; 500uM final concentration) was added to the first set and distilled water to the second one (as a control sample). After 1 hour incubation at 37 o C a mixture of MTT (0.42mg/ml) and succinate (15mM)was added. Samples were quenched with lysis buffer (10% SDS and 45% dimethylformamide; adjusted to pH4.7 with glacial acetic acid). After 5 min., absorbance were taken as the difference between 550 and 620 nm. Results were expressed as a % of the corresponding control value. Superoxide dismutase (SOD) activity: It was assayed in crude liver homogenate by the pyrogallol method (19) SOD activity was caculated from the standard curve, and then expressed as U/mg protein.
NADPH-cytochrome c reductase activity: (20)
The reaction mixture consisted of 0.05M potassium phosphate buffer (pH 7.5) containing 0.1mM EDTA, 15mM potassium cyanide, microsomal liver suspension and cytochrome c(4mM). The reaction was initiated by addition of NADPH (10mM) .The contents were mixed and the reaction was followed for 4 min. at 550nm on spectrophotometer. The enzyme activity was expressed as nM/min./mg microsomal protein using an extinction coefficient of 21 mM
Statistical analysis: SPSS 8.0 software (SPSS Inc., Chicago, IL) was used for statistical analysis and p< 0.05 was considered statistically significant. Results were expressed as means ± standard deviation (mean ±SD). One-way ANOVA (F) test was done to compare between different groups. To study the effect of age on different parameters, adult and old groups were compared verus young one. To evaluate the effect of different intervention trials, the results of each were compared with their corresponding age non-intervened group.
RESULTS
Serum MDA and hepatic SOD levels: (Table I, II) As compared to young control group, serum MDA significantly increased in adult group, while SOD significantly decreased in adult and old groups with age.
Exercise had no effect on MDA in young group but significantly decreased SOD. In adult group, exercise decreased MDA with no significant effect on SOD. However, in old exercised group, significantly lower MDA and higher SOD level were observed.
C R significantly increased MDA in young rats while significantly decreased it in adult ones. CR had no effect on SOD in all age groups.
Vitamin E significantly decreased MDA in adult and old groups and decreased SOD in young and old groups. %DNA fragmentation and active caspase-3 levels: (Table III, IV) In control group, %DNA fragmentation significantly increased in adult rats and together with increased active caspase-3 levels in old ones.
Swimming significantly increased %DNA fragmentation and active caspase-3 levels in young group without any significant effect on them in adult ones. In old group, exercise decreased active caspase-3 levels significantly.
C R significantly increased %DNA fragmentation in young rats, while decreased it in old ones. CR had no effect on caspase-3 levels.
Vitamin E supplementation was associated with higher %DNA fragmentation in adult group. Old group showed lower %DNA fragmentation and higher caspase-3 levels. MAO-β activity: (Table V) Non-significant change in MAO-β activity was observed between different age groups. Non of the used intervention trials had an effect on its activity. NADPH-cytochrome c reductase activity: (Table VI) NADPH-cytochrome c reductase activity significantly decreased with age in control group. Exercise, CR and vitamin E significantly decreased its activity in young group and increased it in old one. In the present study, % DNA fragmentation increased progressively with age together with increased active caspase-3 concentrations in the brain of old rats. Increased DNA damage with aging was confirmed by several studies either in brain (23,24) or in muscle.
(25) Age-dependent caspase-3 activation was supported by previous results. DNA is a primary site of damage during oxidative stress, which is more extensive and persists longer in mt DNA than nuclear DNA.
(27) As free radical scavenger enzymes and DNA repair systems for removal of these oxidative damages become less efficient with aging.
(28) This may account for the ever-increasing accumulation of oxidative damage and/or mt-DNA mutations (30) which promote apoptosis.
In spite of the increased DNA fragmentation of the brain, which was supposed to be a result of the increased brain oxidative stress, nonsignificant change in the activity of MAO-β was detected. This result coincided with Tranquilli et al (31) who suggested that MAO enzyme may be a region specific; increased in some regions and decreased in others. In contrast, Mantha et al (32) reported an age-related decrease of brain MAO enzyme activity.
In the present study, hepatic NADPH cytochrome c reductase activity was significantly decreased with aging. Senescent-associated reduction in the activity and/or induction of different isoforms of hepatic monooxygenases were detected previously by several authors.
(33,34)
Exercise training, by swimming through the schedule of the present experiment, could significantly attenuate the increased serum MDA without any effect on SOD activity in adult group. However, old trainee rats got the best benefit from exercise by both decreasing MDA levels and increasing SOD activity. The protective role of moderate exercise in the present study was confirmed in previous studies either through augmentation of SOD activity, % DNA fragmentation and active caspase-3 brain levels in the current study showed different age-dependent responses to exercise. In young group's brain, both parameters were increased indicating stimulation of apoptosis which is a character of young aged cells by oxidative stress, (38) while in adult rats, the exercise succeeded to prevent their increase. Old aged rats gained the best benefit from regular training as it not only prevented the increase in DNA fragmentation but also decreased caspase-3 activation.
The protective effect of exercise against elevated apoptosis in the aged rats of the present study agreed with those from different studies in skeletal muscle (39) and brain. suggested that moderate exercise attenuates apoptosis and DNA damage induced by oxidative stress possibly by decreasing lipid peroxidation and improving intracellular antioxidant capacity. Moreover, modulation of apoptotic supressors may be involved in training-induced attenuation of apoptosis.
(42)
The present results deny an effect of exercise on MAO-β activity as brain MAO-β activity did not change significantly between trained and nontrained rats of the same age group. In contrast, Hattori et al (43) reported decrease in its activity with exercise and suggested a relation between physical exercise and dopamine metabolism.
A significant improvement in the activity of the hepatic NADPH cytochrome c reductase activity in old aged trainee rats was detected in this study as compared to the sedentary rats of the same age. Day et al reported a similar effect on liver microsomal metabolism.
Caloric diet restriction (CR) by 30% in this study increased MDA level in young, decreased it in adults and had no effect on old rats. So, age is an important determinant for the beneficial effect of CR. While, CR had no effect on hepatic SOD activity whatever the age of the studied rats. In the adult group, CR could ameliorate oxidative stress by decreasing oxidants as MDA rather than increasing antioxidants as SOD. These findings agreed with that of some authors.
(45)
Reducing caloric intake may reduce oxygen consumption, which could decrease ROS formation and oxidative stress.
(46) Ad libitum and CR animals differ in mitochondrial activity and glycolytic flow rates. Persistent glycolysis in un-restricted condition would increase glycolytic intermediates which can glycate proteins thus damages mitochondria and induces pro-oxidant state.
(47)
The dietary restricted young rats involved in this study had higher % DNA fragmentation than that found in the ad libitum of the same age. This could be partially explained by the presence of associated high lipid peroxidation state and high metabolic rate of the young. Of a major interest is the fact that the amount of DNA damage correlates with the metabolic rate in various animals.
(46)
However, the reverse occurred with old CR rats, which showed lower %DNA fragmentation than those without restriction. Wolf et al (48) stated that 40% CR effectively reduced age-dependent increase of oxidative DNA damage in all tissues particularly brain of 24 month old rats as compared to 4 month old ones. It has been suggested that CR may provide neuroprotection to the aging brain by preserving DNA repair enzymes in their intact form. In addition, this involves a preconditioning response in which the production of neurotrophic factors and protein chaperones is increased resulting in protection against oxyradical production, stabilization of cellular calcium homeostasis, and inhibition of apoptosis.
(49)
The present data did not prove any effect of CR on brain active caspase-3 levels in all the studied age groups. Shelke & Leeuwenburgh confirmed this result and stated that CR increases expression of apoptosis suppressor with a caspase recruitment domain in the brain.
Brain MAO-β activity was found to be insignificantly changed with CR. The beneficial effects of CR depends on many factors as the severity of the restriction, the specific animal species, age at onset of restriction, and the grade of restriction.
(51)
CR caused a significant improvement in hepatic NADPH cytochrome c reductase activity in old aged rats. Diet restriction can decrease the rate of metabolism and increase the ability of the animal to face toxins by enhancing the activity of the drugmetabolizing enzyme of the major organ of detoxification.
(52)
The present study demonstrated that supplementation of vitamin E in adult and old groups could significantly reduce MDA as compared with that of the nonsupplemented animals of the same age group. This finding was in agreement with a previous report.
(53)
However, vitamin E supplementation caused a significant decrease in SOD activity of young and old rats when compared with their cohorts. It appears that vitamin E could stand out as a significant tool in ameliorating the oxidative stress when started in adulthood or even in old age. Vitamin E could be beneficial to decrease oxidant production rather than activating endogenous antioxidants as SOD. Huang et al (54) found that long term in vitro incubation of rat aortic muscle with vitamin E down regulated SOD activity.
Vitamin E supplementation to young rats had no effect on % DNA fragmentation or caspase-3 activation, while in old rats vitamin E decreased % DNA fragmentation and increased active caspase-3 levels when compared with their corresponding age groups. Possible consequences of DNA damage are repair, apoptosis/necrosis or defective repair.
(29,30) So, it is supposed that endogenous and nutritional antioxidant system have to be adjusted to ensure adequate removal of radicals during stress to prevent ROS-induced damage. Because of the associated age-related decline of vitamin E, (55) it could act efficiently in old rats to decrease DNA damage and increase apoptosis. Vitamin E could not prevent stress-induced apoptosis either in fibroblasts, (56) or neurons.
Oral Vitamin E supplementation to rats of different ages could not cause a significant change in brain MAO-β activity. As reported previously vitamin E failed to inhibit MAO-β activity in the nigrostriatal dopaminergic neurons in rats.
(58)
Vitamin E supplementation appeared to have controversial effects on NADPH cytochrome c reductase activity depending on the age group. However, its activity was adjusted by vitamin E to be nearly similar in all groups of the study whatever the age.
Vitamin E was detected to be depleted from various tissues with aging, and when supplemented its concentration would be elevated. The restored vitamin E could explain the increased activity of NADPH cytochrome c reductase selectively in old aged rats at the present study.
Vitamin E could improve hepatic drug metabolism partially by decreasing oxidants and by inducing and activating liver microsomal cytochrome enzymes (61) It has now become clear that vitamin E has functions far exceeding that as an antioxidant. Vitamin E is able to directly influence gene activity. 
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